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Abstract  
 
In China, landscape had been altered from agricultural land to forest over an area of 219.37 
million hectares during the last 50 years. Changes in land use can have significant impacts on soil 
characteristics, microbial properties and the transformation of soil organic matter, total nitrogen 
and associated nutrients, including phosphorus (P). P is integrant during the large number 
elements for plants. P the plants needed is mainly obtained from the soil P pool. In order to assess 
the impacts of Larch (Larix Olgensis) afforestation on soil P, the authors used Dunhua City in Jilin 
Province as a case region to investigate the soil P during different afforestation periods(1, 3, 8, 12, 
18, 20, 33 years old), with an adjacent 250-year-old natural forest for the possible soil P storing in 
northeast China. We mainly analyzed the variation of soil P dynamics in different ages. Results 
showed that total P decreased with stand ages. The content of total P was closed with natural 
forest in the first years then decreased to a minimum level of 0.4378g/kg in 12 years. In 18 years, 
the soil total P reached to a level as high as that in the former cropland, i.e. 0.811 g/kg then 
gradually depleted. Available P accumulated after afforestation. Available P concentration reached 
the maximum value of 153.96mg/kg in 12 years. Within the short time span of 33 years, the 
contents of available P was closed to natural forest. The proportion of available P occupied in total 
P increased with age classes. The ratio was 0.24%-84.33%. Based on this, we made correlation 
analysis between available P and total P. It showed that there was no significant relation between 
them. Finally, factors that influenced the availability of P were briefly commented. 
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 1. Introduction 
P is one of the important essential nutrients for plants and organism constitution, 
also, participates in light function, decomposition and energy conversion during 
metabolism processes in widespread. Its importance is merely lower than carbon and 
hydrogen. P the plants needed is mainly from P pool in soil. The content of soil P in 
total ranges from 0.02% to 0.2% and P2O5 is 0.05%-0.46% [1]. The average value is 
0.32% [2]. Due to its low concentration in soil and easily fixed as well as taken up by 
plants and so on, this caused P to be known as one of the main nutrient limiting 
factors in the forest ecosystem. Contents of total P and available P are two important 
indicators of soil fertility levels. Total P represents the soil ultimate reserves and 
reflects the size of soil P pool. Available P represents the levels P supplied to plants, 
which is an accurate mark for P supply in soil.    
So far, most soil related studies focus on changes of soil structure, physical and 
chemical properties both domestically and internationally. The impacts of forest soil 
recovery after agricultural use on soil P status and availability have been intensively 
investigated, nonetheless, no consensus was reached on whether forests are “soil 
degraders” or “soil improvers”(Attiwill and Adams,1993) [3]. Available P 
concentrations increased in the upper layer on volcanic ash soil in Icelandic after 
afforestation and the available P supply capacity in soil continuously improved with 
forest ages (Ritter, 2009) [4]. As established by Kathleen A.et al. (2004) afforestation 
with pine on former grassland, available P concentrations did not increase obviously 
in the forest stands, however, P availability in the upper soil layer was higher [5]. 
Davis (1995) detected a better P availability in afforestation sites, through a series of 
glass house cultivation experiments [6]. As Chen et al. (2007) demonstrated, 
grassland afforestation with coniferous trees was found to enhance mineralization of 
organic matter and associated P and consequently improve P availability in topsoil 
[7]. However, in the contrary to results presented before by Belton (1995) in the 
mountainous area in New Zealand contents of available P in forest fragments did not 
have significant changes [8]. Zhao et al. (2007) investigated the effect of 
afforestation on soil P status of the Keerqin Sandy Lands in China, and founded that 
P pool in soil might be exhausted with forest ages. The phenomenon was more 
obvious especially in afforestation initial period [9]. 
  
In the past 50 years, China launched large-scale afforestation campaigns over an 
area of 219.37 million hectares (Wang, 2006) [10]. Since 2000, another reforestation 
program, which is one of the world’s largest land-conservation programs (World 
Wide Fund for Nature (WWF) has been undertaken and 14.7 million hectares of 
cropland and 17.3 million hectares of degraded land are planned to be converted to 
forest over a 10-year period. However, few studies have been conducted on dynamics 
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of soil P and factors influenced P availability after converting cropland to forest in 
northeast China. Therefore, a chronosequence of stand ages (1, 3, 8, 12, 18, 20 and 33 
years old) was used to study the changes of total P and available P after afforestation 
with the stand of 250-year-old natural forest as a comparison.  
 
2. Materials and methods 
2.1. Study site   
Dunhua City is located in the eastern side of Jilin Province with dark brown soils 
and a montane cool temperate climate. The average annual temperature is low, which 
is generally 2.1°C. Approximately the average annual precipitation is 660mm and 
concentrated in summer. The average accumulated temperature (10°C) is 
2100-2300°C during May-September. There is a range that is continuous for 5 km 
with a similar toposequence in Jiangyuan Township, which offers a rare opportunity 
to compare how afforestation affects the P contents and properties under the same 
climatic conditions in chronosequence and submitted to the same management 
practices (Table 1).   
Table 1.  Primary information of survey experimental sites   
Vegetation Stand age 
 (year) 
Slope 
( °) 
Elevation 
(m) 
DBH 
(cm) 
Height  
(m) 
Quantity 
Larch 1 9 640 1.69 2.67 3677 
Larch 3 12 605 1.41 0.56 7333 
Larch 8 8 587 5.82 7.70 8075 
Larch 12 11 609 7.32 9.10 3950 
Larch 18 9 640 9.62 12.08 2750 
Larch 20 9 580 9.10 12.28 2850 
Larch 33 7 591 18.24 18.33 1050 
Natural forest 250 13 605 - - - 
 
2.2. Soil sampling 
Soil samplingwas carried out in 2008. Samples were collected in randomly 
selected positions along three transects in each study plots. The depth of each transect 
was 1m. Mechanical sampling for multi-spots according to 0~5cm, 5~10cm, 10~20cm 
and 20~30cm depth using a soil core sampler of 5cm diameter. The soils were dried 
up by nature, for analysis. 
2.3. Analysis methods 
Ł Available P was determinedby extraction with 0.5Msodium hydrogen carbonate 
(NaHCO3 )- the molybdenum stibium anti-color method.   
ł Total Pwas determined by extraction with H2SO4-HClO4- molybdenum stibium 
anti-color method.
ŃSoil pH was determined using a soil-water ratio of 1:2.5 (w/v) (Zhao and Zeng, 
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2.4. Statistical analyses  
Independent-sample T test was used to determine the differences in available P 
contents between the topsoil (0-5cm) and other three layers. Statistical processes were 
carried out using SPSS 11.5 software. 
 
3. Results  
3.1. Soil pH, and total C and N 
  Mean value for pH and contents of total N and organic C were determined in the 
soil in different depths under the 1 year, 33 years and natural forest. The data are 
given in Table 2. 
Table 2.  Soil pH, total N and organic C in the 1year, 33 years and natural forest, respectively 
Forest type Depth pH organic C (mg/g) total N (mg/g) 
1-year-old Larch 0-5 6.01 (0.08) 35.81 (1.07) 3.22 (0.11) 
5-10 6.11 (0.10) 33.05 (0.78) 2.84 (0.09) 
10-20 6.15 (0.25) 19.15 (0.65) 1.87 (0.04) 
20-30 6.28 (0.12) 11.82 (0.29) 1.19 (0.03) 
33-year-old Larch 0-5 5.61 (0.15) 48.99 (1.02) 3.82 (0.52) 
5-10 5.80 (0.10) 29.44 (0.98) 2.70 (0.07) 
10-20 5.74 (0.19) 19.34 (0.62) 1.80 (0.05) 
20-30 5.81 (0.16) 12.63 (0.47) 1.00 (0.04) 
250-year-old 
natural forest 
0-5 6.7 (0.22) 134.55 (2.44) 9.45(0.61) 
5-10 6.35 (0.12)   58.20 (2.1) 4.21(0.04) 
10-20 6.34 (0.15) 27.25 (1.22) 2.13 (0.03) 
20-30 5.91 (0.21) 15.80 (0.59) 1.23 (0.03) 
3.2. Stocks of total P in soil   
Total P contents decreased with stand ages. The concentrations were 0.02-1.15 g/kg 
in all the plots (0-30cm), all of which had a mean of 0.42g/kg (Fig.1). Total P contents 
in the upper soil layer (0-10cm) were higher as compared to the lower in the study 
area. Total P contents ranged from 0.28g/kg to 1.15g/kg in the upper soil layer, and 
they ranged from 0.02g/kg to 1.06g/kg in the lower soil layer (10-30cm). Total P 
concentrations decreased with the increasing depth. 
Differences in total P stocks among all soil layers decreased gradually with stand 
ages. Total P contents in the first years were significantly higher than 8 years. There 
was no significant change among other years compared with 8 years. In 18 years after 
afforestation, total P in the upper soil layer increased. This was partly attributed to the 
fact that excessive litterfall and quick decomposition in Larch plantations. Because P 
transferred slowly in soil, litters could only add total P contents in the upper soil layer. 
No significant litterfall effect on P stocks in the lower soil layer was found. Hence, 
total P decreased sharply at 20-30cm depth. 
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Fig. 1 Concentrations of soil total P in Larch plantations of different ages and depths 
    
3.3. Stocks of available P in soil 
Available P stocks ranged from1.63mg/kg to154.00mg/kg in Larch plantations 
(Fig.2). It had a highly difference with farmland (2.56-38.52mg/kg). Available P 
concentration was less than 3mg/kg only in the first year. All the other were higher 
than 7mg/kg. It indicated that the level of available P in this Larch plantation was 
rather high. Available P concentrations decreasedsteadily with the increasing depth. 
Content of available P in topsoil (0-5cm) was rather higher than other three layers at 
each stand age. T-test was applied to test for the differences between them. The result 
reached remarkable level (p<0.05).   
Concentration of available P fluctuated strongly in 0-5cm depth. Content of 
available P was 61.75mg/kg in the first years. In 8 years after afforestation, it was 
86.67mg/kg increasing by 28.75%, then went up continuously. Until the plantations 
reached 12 years, it had the maximum value of 153.96mg/kg increasing by 59.89% 
compared with the first years. The available P did not decrease attributing to plants 
absorption, however, added. Contents of available P ranged from 20 to 90mg/kg in 
5-10cm depth not dramatically. Changes of available P were similar in the other three 
depths. 
   
 
 
Fig. 2 Concentrations of soil available P in Larch plantations of different ages and depths 
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3.4. The ratio of available P in total P in different depths 
The ratio ranged from 0.24% to 35.17% and fluctuated strongly. Distinction of 
total P and available P decreased consistently with stand ages in the upper tier. We 
made correlation analysis between available P and total P. Results showed that there 
was no significant relationship between them. The proportion was stable in all soil 
layers in the first and 20 years. The proportion differed sharply in 12 years. It was 
35.17% in 0-5cm depth but only 13.13% in 5-10cm depth. 
  
Fig. 3 Relations between soil total P and available P with different ages and depths in Larch plantations 
 
4. Discussion 
4.1. Dynamics of total P and available P 
The results showed that the contents of both total P and available P changed 
significantly following afforestation. Total P was relatively higher in the 1st year after 
afforestation then continually decreased. It was mainly attributed to the residual 
P-fertilizer in soils in afforestation initial period. A great deal of P is demanded for 
trees growth. However, there was no application of commercial P-fertilizers in the 
forest systems and litters decomposed slowly. Thereby, P reserves in soil decreased 
constantly with age classes. In the present study, the mean value of 0.042% for total P 
was generally low in the study area comparing with the published data (0.32%)
carried out in recent years. Although highly total P concentrations did not predicate P 
was in abundant supply, the probability that P- deficient in soil will be enhanced when 
concentrations of total P was low [11]. Hence, our result contradicted with the 
conclusion that forests will have a beneficial effect on soils (Richter et al., 1994) [12]. 
Also, was not in accordance with conclusions that trees have positive effects on soils 
in some temperate regions which had been converted from grasslands to pine 
plantations (Davis and Lang, 1991) [13]. There were significant differences in 
available P among age classes in the upper and lower tiers. This may be related to the 
activation of P in the upper layer. It was likely that activation in soil was greater than 
absorption, so available P concentration was enhanced [14]. As noted by Belton et al. 
(1995), most of the increase in available P can be explained by the high 
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mineralization under pine [8]. Although the increase in available P with stand age was 
not dramatic, being consistent with a previous study (Cavelier and Tobler, 1998), the 
tendency toward higher extractable P in the upper soil tiers under pine [15]. Scholes 
and Nowicki (1998) studied exotic conifer plantations in temperate regions [16], and 
indicated the change of vegetation can lead to lower pH and increased nutrient 
availability (Davis and Lang, 1991) [13]. 
 4.2. PH effects of Larix Olgensis on soil available P 
Studies showed that afforestation can result in a decrease in soil pH. pH in all 
soil tiers was 5.61-6.28 in the youngest and the oldest Larch stand (Table.2). The 
minimum value appeared in 33 years (0-5cm) and the maximum value appeared in the 
first years (20-30cm). It appeared weak acidity. T-test was applied for the differences 
between P availability and pH. Results showed that there was no significant 
relationship between them. In general, the value decreased in all soil tiers and the 
acidity of soil enhanced. The change of structure and composition of flora in Larch 
plantations can affect soil acidity. Vegetation was weak in young forest stands with 
high canopy closure. So the acidity of litterfall was greater. Owing to the greater 
acidity of litterfall, a decrease in pH had often been found to result from afforestation 
with conifers (Farley et al., 2003) [17]. Although pH represented declined, the 
difference was not pronounced. There was no prominent linear correlation between 
the increasing available P and the reducing pH. Other reasons could be for the 
increased available P at the soil surface.  
CO2 from the root respiration, organic acids and H+ excreted from the root could 
be the reasons of acidification. It was well supported by the results presented by 
Zhang (2001) [18]. P always combined with calcium in calcareous soil and formed 
indissoluble Ca3-P, Ca8-P and Ca10-P. Also, P combined with Fe, Al in acidic soil and 
formed Fe, Al phosphates with low solubility (Wang et al., 1999) [19]. Hinsinger 
(1995) held that decreasing pHin the rooting zone would accelerate indissoluble Ca-P 
to dissolve. Then enhance available P supply in soil [20]. From the correlation 
analysis between pH and available P, there was no significant relation. The result 
suggested that inorganic phosphate in the form of Ca-P was probably not the major 
source of available P, similarly to Zhang (2001). 
4.3. Microorganism effects on soil P activity 
Soil P transformations are primarily mediated by microbial activity (Chen et al., 
2007) [7]. Almost all the existing studies were in relation to microorganism activity in 
soil. They emphasized that there were several of microorganism in soil and they were 
able to improve P solubilization. Microorganism with the ability of dissolving P 
including: bacteria, fungi and actinomyces. Yan (1996) researched the activity of 
organism in the soil of Larch plantation. He discovered that bacteria were the 
dominant form of biotic component and actinomyces was in the second place and 
fungi were the third [21]. Their quantities in soil were impacted by soil character, type, 
organic matter, fertility and the way of cultivate (Kobus, 1962) [22]. Some people 
thought that increases in soil P availability under forest were linked to rhizosphere 
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microorganism compared with grassland (Chen, 2007) [7].  
Scott (2004) analysed coniferous and grassland comparatively. He pointed out that 
P activity was mostly depended on microbial species in the rhizosphere [23]. Sperber 
(1957) studied a mass of bacteria on P dissolving, and found that so many kinds of 
bacteria with the ability of dissolving P in rhizosphere and the quantity of bacteria 
was significantly higher than fungi [24]. Kucey (1989) separated fungi from 
grassland aˈnd the majority of them were blue- mildew and aspergillus [25]. Although 
the kinds of fungi were not many, the ability of fungi in dissolving P was better than 
bacteria. Many fungi secreted organic acids during the metabolic processes which 
accelerated phosphoric compounds with slightly solubility to dissolve and accelerated 
plant to take up P. The efficiency for P uptake was shown to be improved when tree 
roots were colonized by mychorrhizal fungi (Fisher et.al, 2000) [26]. In addition, 
endomycorrhizae and ectomycorrhizae play an active role in P transformation (Ritter, 
2009) [4]. Mycorrhiza could extend absorption area around rhizosphere through 
hyphae to increase spatial availability of nutrient in soil. Concurrently, ex-root hyphae 
could accelerate to take up P by acidulating hyphae, which improved P availability 
[27]. 
                                                                            
4.4. Environmental factors influencing soil P 
 
Available P content is a significant indicator represented the level of P supply in 
soil. It was influenced not only by pH and biological factors but also related to 
physical and chemical properties of the soil. The soil temperature and moisture are the 
key factors effected P availability. Most scholars figured out that there was no direct 
relationship between temperature and P in soil. However, it influenced available P 
indirectly by mostly acting on microorganism and plant. Low temperature probably 
leaded to the low activity for microorganism or changed the community composition 
of microorganism. Hence, P availability changed. For different kinds of soil, there was 
close relationship between moisture and redox conditions. Water content had an 
enormous impact for P availability.  
Results from Batra ML and Rodriguez D (1988) showed that if water was 
sufficient, the proportion of available P would be higher as well as P availability. For 
example, the reduction of high-Fe had a positive effect on the release of phosphate 
after inundation [28]-[29]. Smith (2002) considered that moisture in soil had an 
important impact on the diffusion of phosphate ion [30].Moreover, a positive 
correlation was found between air humidity and total and organic P return (Astel, 
Parzych, Trojanowski, 2008) [31].As the porosity was rather high in the soil of Larch 
plantation, the permeability of soil was better, which can conclude soil moisture had 
less influence for Larch plantation (Cui et al., 1996) [32]. However, more studies on 
seasonal fluctuation in soil temperature and moisture on soil P dynamics after 
afforestation have yet to be quantified in the long-term. 
 
Acknowledgments 
 Runan Wang and Chunmei Wang / Procedia Environmental Sciences 2 (2010) 1669–1678 1677
This project was supported by the National Natural Science Foundation of China 
(30600090) and the Fundamental Research Funds for the Central Universities 
(BLJC200908). I am grateful for the comments and criticisms of an anonymous 
reviewer. 
 
References 
[1] Qin, S.J., Liu, J.S., Wang, G.P. Mechanism of phosphorus availability changing in soil. Chinese 
Journal of Soil Science, 2006, 10, 37 (5), 1012-1016.  
[2] Jia, P., Hao, W., Li, G.F. Study on P content changement in Larch Plantation. Journal of 
Northeast Forestry University, 1998, 1, 2, 167-69. 
[3] Attwill, P.P., Adams, M.A. Nutrient cycling in forests. New Phytol. 1993,124, 561–582. 
[4] Ritter, E. Development of bioavailable pools of base cations and P after afforestation of 
volcanic soils in Iceland. Forest Ecology and Management, 2009, 257:1129-1135. 
[5] Kathleen, A., Farley, Eugene, F. Kelly. Effects of afforestation of a pa´ramo grassland on soil 
nutrient status. Forest Ecology and Management, 2004, 195:281–290. 
[6] Davis M.R. Influence of radiata pine seedlings on chemical properties of some New Zealand 
montane grassland soils. Plant Soil, 1995, 176, 255–262. 
[7] Chen, C.R. Condron, L.M., Xu, Z.H. Impacts of grassland afforestation with coniferous trees on 
soil phosphorus dynamics and associated microbial processes: A review. Forest Ecology and 
Management, 2007, 255:396-409. 
[8] Belton, M.C., O’cononr, K.F., Robson, A.B. Phosphorus levels in topsoils under conifer 
plantations in Canterbury high country grasslands. NZ J. For. Sci., 1995, 25 (3), 265–282. 
[9] Zhao, Q., Zeng, D.H., Lee, D.K., He, X.Y., Fan, Z.P., Jin, Y.H. Effects of Pinus sylvestris var. 
mongolica afforestation on soil phosphorus status of the Keerqin Sandy Lands in China. 
Journal of Arid Environments, 2007, 69, 569–582. 
[10] Wang, C. M. , Hua, O. Y. ,Bin,S.,Tian,Y.Q. Soil carbon changes following afforestation with 
Olga Bay Larch (Larix olgensis Henry) in Northeastern China. Journal of Integrative Plant 
Biology, 2006, 48 (5): 1í5. 
[11] Zhou, W.J., Shen, Y.X., Liu, W.Y. Availablibity in rhizosphere and non-rhizosphere soil P of 
Pinus yunnanens is forest in central Yunnan. Journal of Central South Forestry University, 
2005, 6,25, 25-29. 
[12] Richter, D.D., Markewitz, D., Wells, C.G., Allen, H.L., April, R., Heine, P.R., Urrego, B. Soil 
chemical change during three decades in an old-field loblolly pine (Pinus taeda L.) ecosystem. 
Ecology 1994, 75 (5), 1463–1473. 
[13] Davis, M.R., Lang, M.H. Increased nutrient availability in topsoils under conifers in the South 
Island high country. NZ J. For. Sci. 1991, 21, 165–179. 
[14] Zhang, Y.D., Bai, S.B.,Wang, Z.Q. Soil P availability in larch rhizosphere . Chinese Journal of 
Applied Ecology, 2001, 2,12,31-34. 
[15] Cavelier, J., Tobler, A. The effect of abandoned plantations of Pinus patula and Cupresses 
lusitanica on soils and regeneration of a tropical montane rain forest in Colombia. Biodivers. 
Conserv.1998, 7, 335–347. 
[16] Scholes, M.C., Nowicki, T.E. Effects of pines on soil properties and processes. In: Richardson, 
D.M. (Ed.), Ecology and Biogeography of Pinus. Cambridge University Press, Cambridge, 
pp. 1998, 341–353. 
1678 Runan Wang and Chunmei Wang / Procedia Environmental Sciences 2 (2010) 1669–1678
[17] Farley, K.A., Kelly, E.F. Effects of afforestation of a paramo grassland on soil nutrient 
status.For. Ecol. Manage.2003, 195, 281–290. 
[18] Bai, S.B., Zhang, Y.D., Wang, Z.Q. The Relationship between pH changes and P-availability 
in rhizosphere of Larix gmelinii. Scientia Silvae Sinicae, 2001,7,37,130-133. 
[19] Wang, Q.R., Li, J.Y., Li, Z.S. Studies on Plant nutrition of efficient utility for soil Phosphorus. 
Acta Ecologica Sinica,1999, 5,19,417-421. 
[20] Hinsinger, P. Bioavailability of soil inorganic P in the rhizosphere as affected by root-induced 
chemical changes: a review. Plant and Soil, 1995, 237, 173–195. 
[21] Yan, D.R., Liu, Y.J., Ren, Y.Q. Study on the soil Biological Activity of Larch Plantations. 
Inner Mongolia Forestry Science and Technology, 1996,˄3-4˅ 
[22] Kobus, J. The distribution of microorganisms mobilizing phosphorus in different soils. Acta 
Microbiologia Plolonica, 1962, 11: 255-264. 
[23] Scott, J.T., Condron, L.M. Short term effects of radiata pine and selected pasture species on 
soil organic phosphorus mineralisation. Plant Soil, 2004, 266, 153–163. 
[24] Sperber, J.I. Solution of mineral phosphates by soil bacteria. Nature, 1957, 180: 994-995. 
[25] Kucey, R. M. N. Phosphate-solubilizing bacteria and fungi invarious cultivated and virgin 
Alberta soils. Can J Soil Sci, 1983, 63: 671-673. 
[26]Fisher, R. F., Binkley, D. Ecology and management of forest Soils. Wiley, New York, pp, 
2000, 111–112. 
[27] Wang, Q.R., Li, J.Y., Li, Z.S. Dynamics and prospect on studies of high acquisition of soil 
unavailable phosphorus by plants .Plant Nutrition and Fertilizer Science, 1998, 4˄2˅˖
107-116. 
[28] Batera, M.L., Chaudhryb, M.L. Transformation of native and applied phosphorous in soil as 
affected by moisture regimes under black gram. Indian Soc. of Soil Sci, 1988, 36 : 714- 718. 
 
[29] Rodriguez,D.,Goudriaan, J.,Oyazabal, M. Phosphorous nutrition and water stress tolerance in 
wheat plants. Plant Nutre, 1996, 19 (1): 29- 39. 
[30] Smith, F.W. The phosphate uptake mechanism. Plant and Soil, 2002, 245, 105–114. 
[31] Parzych, A., Astel, A., Trojanowski, J. Fluxes of biogenic substances in precipitation and 
througfall in woodland ecosystems of the Sáowinƍ ski National Park. Arch. Environ. 
Prot.2008, 34 (2), 13–24. 
[32]Cui, G.F., Zeng, Q.J., Wei, X.Z. Study on soil moisture physical properties in Larch Plantation. 
Forestry Science and Technology, 1996, 1, 21, 16-9.
 
  
 
 
 
 
 
 
 
 
 
